The present study was carried out to examine the physicochemical and sensory properties in cholesterol-reduced Domiati goat's cheese made by βcyclodextrin (β-CD).
INTRODUCTION
Domiati cheese is the most popular soft white pickled cheese in Egypt and makes up about 75% of the cheese produced and consumed in that country (Zhang, et al., 2003) . Domiati cheese is mainly made from bufflos" milk, cows" milk, or a mixture of both, but it is also made from sheep or goat milk (Abou-Donia, 1986 and Ibrahim et al., 1974) .
Goat cheese now is a fashionable commodity in many countries but in Egypt, great numbers of citizens do not prefer it because of its aroma the "goaty" flavour/odour. Goat milk has a different flavor from cow milk due to certain branched-chain fatty acids (BCFAs) esterified in the triacylglycerol's. These BCFAs are present in very low concentrations compared to the straight chain fatty acids (Ha and Lindsay, 1990; . The specific aroma "goaty" flavor of goat cheese has been well identified by different authors (Le Queré et al., 1998; Engel et al., 2002 and Carunchia-Whetstine et al., 2003) .
In goat cheeses, this characteristic flavor may be sought after by gourmets, but in whole milk the "goaty" flavor limits market possibilities in Western societies habituated to the relatively flavorless cow milk. This limitation is particularly important where consumers are allergic or otherwise intolerant to cow milk but not goat milk (Haenlein, 2004) .
While there are breeding and production options for reducing goat milk flavor (Chilliard et al., 2003; Fedele et al., 2005 and Park, 2008) , many are already applied, and masking "goaty" flavor with other flavors decreases product options. A different approach is to trap the free fatty acids, including BCFAs, in cyclodextrins (CDs) added to the milk or its products.
There are 3 common CDs, α, β, and γ, respectively, comprising 6, 7, and 8 glucose-molecule rings where the glucoses are linked α (1-4) as in amylose (Young et al., 2012) .
The core of these rings is hydrophobic. Substantially hydrophobic molecules of a suitable size, including fatty acids among a host of other compounds, can form inclusion complexes with CDs and thus be rendered nonvolatile (Duchˆene et al., 2003; Del Valle 2004; Szente and Szejtli, 2004 and Astray et al., 2009 ). Odor is a major component of flavor, so flavor intensity is reduced by rendering a compound nonvolatile.
On the other hand, most consumers are concerned about excessive intakes of cholesterol and fat in their daily diets because of the risk of coronary heart disease (Grundy et al., 1982 and Gurr, 1992) . There have been dramatic increases in no, low, and reduced-cholesterol products in the market place (Schroder and Baer, 1990) .
Cheese is among the main sources of animal fat and dietary cholesterol. Even though cholesterol is essential for membrane structure, hormone and steroid biosynthesis (Mahann and Escott-Stump, 1996) , it has been recognized that its elevated levels in plasma are directly correlated to increased cardiovascular heart diseases (Grundy, 1991) .
Today there is a growing interest in the manufacture of cholesterolreduced dairy products. Many methods for reducing cholesterol in foods have been developed, including blending in vegetable oils (Hariharan et al.,1995 and Krause et al., 2007) , extraction by distillation and crystallization (Arul et al., 1988a,b) , adsorption with digitonin and saponin (Micich, 1990 and Oh et al., 1998) , and removal of cholesterol by supercritical carbon dioxide extraction (Gonzalez-Hierro et al., 1995 and Lim et al., 1998) .
Moreover, some methods require high investment and operation costs (Yen and Tsai, 1995 and Kwak et al., 2002) . Research studies showed that cholesterol can be removed from milk and dairy products, egg yolk, lard, by using β-cyclodextrin (β-CD) (Yen and Tsai, 1995; Krause et al., 2007; Lee et al., 2007 and Seon et al., 2009) .
Beta-cyclodextrins (β-CDs) have been used to effectively remove cholesterol from animal products and improving their nutritional characteristics (Han et al., 2008) . Among the studied foods are milk (Alonso et al., 2009; Kim, et al., 2004 and Kwak et al., 2004) , butter (Kim, et al., 2006) , cream (Han, et al., 2007 and Shim, et al., 2003) , cheese Han et al., 2008 and Kim, et al., 2005) .
However
, Domiati goat's cheese physiochemical have been reported very few despite their importance. Further no information is available on the effect of cholesterol removal by β -CD with regard to physiochemical and sensory characteristics of Domiati goat's cheese.
The objective of the present study was to more fully explore the potential of CDs to reduce goat cheese cholesterol and flavor intensities during the 8 week storage.
MATERIALS AND METHODS

MATERIALS:
Raw Barki goat's milk was obtained from the animal breeding herd at Maryout-Research Station, Desert Research Center, located at 35km southwest of Alexandria, Egypt. β -CD and cholesterol were purchased from Sigma Chemicals Co. (Sigma-Aldrich Co. LLC. -St. Louis, MO, USA).
Milk treatment:
Milks for Domiati goat's cheese manufacture were prepared for 3 different treatments as: 1)-Control (milk no β-CD treatment). 2)-Treatment A (Trt A): milk treated with 1% β-CD.
3)-Treatment B (Trt B): after cream separation, cream was treated with 10% β-CD, and mixed with skim milk at 680 psi.
Milk for (Trt A) was placed in a 10 L container, and 1.0% (w/v) βcyclodextrin was added. The mixture was stirred at 800 rpm with a laboratory blender (Explosion Proof Blender 8018-Paul N. Gardner Co., Inc.) in a temperature controlled water bath at 4°C for 10 min. The mixture was centrifuged (Sorvall™ -RC 12BP Plus -Thermo Fisher Scientific Inc.) with 166×g for 10 min (Lee et al., 1999) . For (Trt B), raw milk was separated from cream to skim milk. The cream containing 30% milk fat was treated with 10% β-CD . Then, cream was standardized to 3.7% milk fat for cream cheese milk and mixed with remaining skim milk with homogenized pressure with 680 psi pressure at 70°C (Kwak et al., 2001) . Each treatment was centrifuged with 166×g for 10 min at 4°C to remove of β-CD. All treatments were run in triplicate.
Manufacture of Domiati cheese:
White brined Domiati cheese was made from goat's milk (total solids 12.74±0.04 %, total protein 3.4±0.02%, fat 3.7±0.1%, lactose 4.8±0.15%, ash 0.84±0.02% and pH 6.8±0.06). Domiati cheese was made similar to the method of Domiati cheese produced according to (Abou-Donia, 1986) with some modifications as:
The cheese milk was standardized for 3.7% milk fat, and salted with food grad salt at 4% (w/w), then pasteurized at 72°C for 15 s. and cooled to 38°C. Starter culture of Lactobacillus delbruekii spp. bulgaricus DSMZ 20080 and Streptococcus thermophillus ATCC 19258 was added to the milk (10 kg) in each treatment with the percentage of starter culture (1%, v/v), followed by CaCl 2 0.03%. Liquid calf rennet (single strength) obtained from local market (Domiat city) was added to the milk at a rate of 1.5 mL kg -1 milk and mixed thoroughly. The milk was set at 40 °C to coagulate for 3 h. Curd was scooped into cheese cloth and drained for 1 day in the cooler at 5°C; cheese was taken out of the cheese cloth and weighed. The cheese was cut into small blocks and pickled in the whey solution (6 % salt) in plastic containers kept in the cooler at 4°C for 8 weeks. Samples of cheese were taken for sensory evaluation and chemical analyses when fresh and after 2, 4, 6 and 8 weeks of ripening period. Each batch of cheese making was triplicated.
Cheese yield:
Cheese yield was calculated as the weight of cheese×100/weight of milk. Recovery of components (protein, fat, and milk total solids) was calculated as the weight of the component in the cheese divided by the original weight of the component in the milk expressed as a percentage.
Chemical Composition of Cheese:
Moisture, total solids (TS), Fat, total protein (TP), Ash % content and titratable acidity (TA) were determined according to the method described by Association of Official Analytical Chemists, (AOAC, 1984) . Salt content was determined by the Volhard method as described by (Bartels et al.,1987) .The amount of salt was calculated according the following equation (1.0ml N/20 AgNo 3 solution = 0.002923g NaCl). The pH of cheese sample was measured using a digital pH meter (accumet-model 15).
Extraction and determination of cholesterol:
For the extraction of cholesterol, (1g) of cheese sample was placed in a screw-capped glass tube (15 mm × 180 mm), and 500 μL of 5α-cholestane (1 mg/mL) was added as an internal standard. The sample was saponified at 60°C for 30 min with 5 mL of 2 M ethanolic potassium hydroxide solution. After cooling to room temperature, cholesterol was extracted with 5 mL of hexane. The process was repeated 4 times. The hexane layers were transferred to a round-bottomed flask and dried under vacuum. The extract was re-dissolved in 1 mL of hexane and was stored at −20°C until analysis (Adams et al., 1986) .
Total cholesterol was determined on a silica fused capillary column (HP-5, 30 m × 0.32 mm inner diameter×0.25 μm thickness) using Hewlett-Packard 5890A gas chromatograph (Palo Alto, CA) equipped with a flameionization detector. The temperatures of the injector and detector were 270 and 300°C, respectively.
The oven temperatures were programmed to increase from 200 to 300°C at 10°C/min and hold for 20 min at 300°C. Nitrogen was used as a carrier gas at a flow rate of 2 mL/min with a split ratio of 1/50. Quantitation of cholesterol was done by comparing the peak areas with a response of an internal standard. Cholesterol determination for the control was averaged with each batch of treatments. The percentage of cholesterol reduction was calculated as follows: amount of cholesterol in CD treated cheese milk x l00 Cholesterol reduction amount of cholesterol in untreated milk (control)
Determination of short-chain free fatty acids (FFAs):
Cheese samples (1g) were prepared periodically from the cheeses ripened for 0, 2, 4, 6 and 8 weeks and extracted with diethylether and hexane for 2 h and eluted through a 10 mm i.d. glass column containing neutral alumina as described by (Kwak et al., 1990) . A Hewlett-Packard Model 5,880A GC equipped with a flame ionization detector was used. The preparation of FFA was achieved using a 15 m×0.53 mm i.d. Nukol fusedsilica capillary column (Supleco Inc., Bellefonte, PA, USA). The GC was operated with helium carrier gas at 37 ml/min, hydrogen gas 37 ml/min, and air at 300 ml/min. The column oven was programmed for an initial holding for 1min at 110 °C, heating to 180 °C for 10 min, and holding for 20 min. Both temperatures for injector and detector were 250°C. All quantitative analyses were done by relating each peak area of individual FFA to the peak area of tridecanoic acid as an internal standard. Each FFA was identified by the retention time of standard.
Analysis of free amino acids (FAAs):
The extraction of free amino acids was carried out as described by (Fresno et al., 1997) .The identification and quantification of amino acids by HPLC techniques were determined according to the method of (Kuchroo and Fox, 1982) . The liquid chromatography equipment consisted of a Waters 2690 quaternary pump (Milford, MA, USA) with auto sampler, a Spectra-Physics SP 8792 column heater (San Jose´, CA, USA), a Waters 996 Photodiode array UV/Visible detector, and a software package Millenium 32 chromatography manager as integrator. The column used was a symmetry C18 (5 mm particles; 4.6 × 250 mm; Waters, Mildford, MA, USA) reversed phase type. The temperature was controlled at 50°C. A gradient with two solvents was used to run the sample: solution A comprised 70 mM sodium acetate adjusted to pH 6.55 with acetic acid and added containing 2.5% acetonitrile and solution B was 45% acetonitrile, 40% water and 15% methanol. Before each injection, the column was equilibrated with solvent A for 2 min.
Sensory evaluation:
Samples of Domiati cheese were cut into approximately 5×5 cm pieces and placed on white plates. Samples were tempered at ambient temperature (20±2 °C) and then presented to the panelists in a random order. The cheeses were evaluated by 10 a panel of Desert Research Center; staff research members who are familiar with Domiati cheese .The cheese samples were organoleptically scored using score card for taste & flavor (50 points), body and texture (35 points) and appearance & color 15 points). Panelists were also instructed to report any defects they notice in appearance, texture and flavor (Nelson and Trout, 1981) .
Statistical analysis:
Statistical analysis for experimental data was analyzed as completely randomized design. The obtained data were carried out according to the SPSS package (SPSS, 2012) . Differences were considered significant at (P<0.05). After cream separation, cream was treated with 10% β-CD powder and blended with skim milk.
RESULTS AND DISCUSSION
Cholesterol removal:
Data presented in Table ( 1) showed that the cholesterol content of the control goat"s milk cheese was 87.9±1.78 mg/100 g.
The cholesterol removal of experimental cheese reached 79.37% when cheese milk was treated with 1% β-CD (Trt A), while 90.09 % when separated cream was treated with 10% β-CD powder (Trt B).This result was in full agreement with work conducted by (Kim et al. 2005; 2006; 2008 and Han et al., 2007) , they reported the optimum concentration of β-CD to be (10 %, w ⁄ v) for cholesterol removal from commercial cream (36% milk fat).
A similar study (Micich, 1990 and Oh et al., 1998) appears that 1% β-CD may be sufficient to remove greater than 80% of cholesterol from milk. These authors have suggested that an excess of β-CD could compete with itself to bind to cholesterol molecules, resulting in reduced cholesterol adsorption. (Oakenfull and Sihdu, 1991) reported that addition of 1% β-CD to milk resulted in a reduction of cholesterol by 77.1% with 10 min of mixing at 4°C. In our laboratory, 90.09% of cholesterol has been successfully removed with 10% β-CD from cream containing 30% milk fat.
Chemical composition of the cheese:
The mean data of chemical composition of cholesterol-reduced goat"s milk cheese compared to the control goat"s milk cheese during the ripening period are presented in Table 2 . The results indicated that cholesterol-reduced goat"s milk cheese treated by β-CD revealed higher moisture than control cheese. The moisture content slightly decreased in all cheese types throughout the storage period.
The (Trt B) cheese had higher moisture content, 63.25±0.87% than that in the control, 61.11±0.09% and (Trt A) cheese, 62.31±1.25%, with non-significant difference (P < 0.05) during the ripening period. All the experimental cheeses were in the range of the Egyptian Standard, (2005) for soft white cheeses. Kwak et al., 2002; Kim et al., 2005 Kim et al., , 2008 Han et al., 2007 and , reported that the stirring with β-CD resulted in higher water retention and slower whey drainage in cholesterol-reduced cheese products. Also, the lower fat content of the cholesterol-reduced cheese than the control was expected since more fat would be released due to the smaller size of fat globules resulting from stirring or the fat globules were too small to incorporate within the casein or the protein compound via a fat-protein network.
The present results were in agreement with that of Metzger and Mistry, (1994) they reported that increased the moisture in cheese treatment with β-CD which resulted from slow curd drainage. In addition, β-CD treatment may increase the incorporation of casein or other protein compounds via fatprotein network. Also, homogenization of milk increased cheese moisture, as result of the slow curd drainage in reduced-fat Cheddar cheese.
On the other hand, the Fat/ Dry matter and TP/ Dry matter % were slightly lower in β-CD cheeses treated than in control cheese, and slightly increased during storage period as result of the increased moisture content. Similar results were reported (Fahmy and Hanafy, 1992; Abd-El-Kader et al., 2001 , Mehanna et al., 2002 and Salama, 2004 . These changes coincided with changes in cheese moisture content obtained by Kandeel et al., (1991) and Ahmed and Abdel-Razig, (1998) .
The lower fat content of the cholesterol-reduced cheese than the control might be attainted to the less incorporation with casein via a fatprotein network probably due to modification of casein matrix by β-CD ( Kim et al., 2005 , 2008 and Han et al., 2007 .
Slightly increased in salt contents in all treatment cheese with nonsignificant difference (P < 0.05) was found during the ripening period, because of the diffsion of salt from cheese surfaces into the center where samples were taken for these determinations. These findings of salt content were in harmony with those obtained by (Shehata et al., 2001 and Mehanna et al., 2002) .
The pH of the cholesterol-reduced goat"s cheese was slightly decreased during the ripening period and lowers than that in the control goat"s cheese with significant difference (P < 0.05). The obtained results were in agreement with those obtained by Magdoub et al.,(1995) , they reported that the decrease in pH values might be attributed to the convert of residual lactose in cheese into lactic acid and free fatty acids developed in the cheese at the end of storage period. Also, the decreased in pH values may be due to the short chain fatty acids which produced in varying quantities as metabolic end product of the probiotic bacteria (Fooks et al.,1999) .
The pH of all aged cheese was in the normal range of Domiati cheese (Abd El-Salam et al., 1993) . Mehanna et al., 2002 and Elewa et al., 2009 , reported that the development of acidity during the refrigeration period as a direct response for converting the residual lactose in cheese into lactic acid by the available micro-flora. After cream separation, cream was treated with 10% β-CD powder and blended with skim milk. Table ( 3) showed the mean cheese yield and recovery of fat, protein and milk total solids % of cholesterol-reduced goat"s milk cheese treated by β-CD during storage at 4±1°C for 8 wk. The cheese weight/Kg and yield % decreased in all cheese treatments throughout the storage period, which mainly due to losses in moisture content of cheese during ripening (Nasr et al., 1991 , El-Neshway et al., 1995 , El-Shibiny et al., 1998 and El-Sisey, 2002 . On the other hand, (Trt A) and (Trt B) goat"s milk cheese weight/Kg and Yield % were slightly higher than those produced in control cheese with significant differences (P < 0.05) at the end of the storage periods.
Data presented in
In all cheese, total solids recovery % had similar values among treatments and during storage period.
The fat and protein recovery % slightly increased in all cheese treatments during the storage period with significant differences (P < 0.05) in control fresh cheese compared to the reduced evaluated goat"s milk cheese groups this could be partially due to a lower fat content in (Trt A) and (Trt B). The fat recovery % of cholesterol-reduced goat"s milk cheese in this study was lower than those of industrial scale cow"s milk cheeses (ranging from 85 to 91%).This observation might be resulted from smaller fat globules in goat milk (Phelan, 1981) . Protein recovery % of cholesterol-reduced goat"s milk cheese was higher than those reported for cow milk cheeses (74-77%). (Abou-Donia, 1986) explained that by the effect of factors such as milk composition, addition of salt, pasteurization of milk, milk concentration, and addition of starter, affect the yield of Domiati cheese (Callanan,1991) . 
Production of Volatile short-chain free fatty acids (FFA):
It is well known that volatile short-chain FFAs (C4 through C10) are primarily responsible for cheese flavours (Lin and Jeon, 1987) . Therefore, the short-chain FFAs in the cholesterol-reduced cheese were considered to be an important aspect of the present study. The concentration of short-chain FFAs in the control and cholesterol-reduced cheese ripened for 8 weeks is shown in Table 4 .
Results indicated that the (Trt A) and (Trt B) cheeses had lower concentration of short-chain FFAs during the storage period. Higher amounts of butyric acid (C4), caproic acid (C6), caprylic acid (C8) and capric acid (C10) were released in control than in (Trt A) and (Trt B) cheeses respectively at the end of storage period.
The release of capric acid (C10) mostly contributed to the increase of total amount of FFAs in all groups. In the control, the amount of total shortchain FFAs increased during storage period from 25.30±0.85 to 46.65±0.35 mg/100g fat, while it increased from 19.95±0.78 to 35.45±1.63 mg/100g for (Trt A) and from18.95±0.07 to 31.25±0.07 mg/100g for (Trt B) cheeses.
The above results indicated that the (Trt B) cheeses ripened might slower than those in other groups control and (Trt A) cheeses. Results were in agreement with the finding by .
The total amount of short-chain FFAs was significantly lower in (Trt A) and (Trt B) fresh cheeses than in the control fresh cheese during storage period (P < 0.05).
Similar results were reported by (Han et al., 2008) . The reason why the short-chain FFA release was lower in experimental cheese could be partially due to a lower fat content in (Trt A) and (Trt B) cheeses as 38.50±1.27 % and 36.36±2.60 % of milk fat, respectively, than in control cheese 39.26±0.57 %.
Production of free amino acids (FAA):
The concentration of free amino acids (FAA) in cholesterol-reduced Domiati cheese by β-CD during storage period at 4°C for 8 weeks was shown in Table 5 . The Domiati cheese made by β-CD produced much lower amounts of individual FAAs than the control cheese in all storage periods. Free amino acids increased sharply in all cheese treatments during storage period. Total amount of FAA was 54.32±0.11mg/100g in the control cheese, 51.29±0.15 mg/100g and 44.83±0.07 mg/100g in (Trt A) and (Trt B) cheeses after 8 weeks during storage period respectively.
The statistical analysis indicated that there was significant difference (P < 0.05) between control and (Trt B) cheese, while no significant difference (P < 0.05) between control and (Trt A) cheeses. On the other hand, the amount of individual amino acids produced, Asp, Glu, thr, Pro, Sys and Lys dominated in all samples and the amount of Asp, Glu and Sys were the highest in all treatments during storage periods respectively.
In addition, the total amount of bitter amino acids was lower in (Trt B) cheese than in the control and (Trt A) cheeses (P < 0.05) throughout storage period. The highest concentration was found in the control cheese 14.04±0.01 mg/100g, while the lowest concentration was in (Trt B) cheese as 11. 45±0 .01 mg/100g cheese.
Results suggested that the cheese treatment (Trt A) kept the amino acid concentration similar to control cheese during ripening period. Also, results indicated that less amount of FAA in the β-CD cheeses was found and it is probably due to the modification of casein matrix by β-CD treatment (Han et al., 2008) . Similar results were reported by in cholesterol-reduced Camembert cheese and feta cheese were showed a slightly lower amount of FAAs in cholesterol-reduced cheese compared with the control cheese, although it was not significantly different (P < 0.05). After cream separation, cream was treated with 10% β-CD powder and blended with skim milk.
Sensory evaluation:
The sensory attributes of experimental cholesterol-reduced Domiati cheese stored at 4°C for 8 weeks were shown in Table 6 . From 0 to 8 weeks, Taste & Flavours, Body & texture, Appearance & color and Total scores increased steadily in all cheeses throughout storage periods.
For cholesterol-reduced Domiati cheese Taste & Flavours, (Trt A) and (Trt B) cheeses showed a similar increasing trend during storage period, while the flavor development in control did not reach the scores of (Trt A) and (Trt B) cheeses. Results were in agreement with the finding of Kim, et al., (2004) .
The larger increase in total and individual amino acids, including bitter amino acids, observed through the ripening period may reflect greater peptidase activity in the cholesterol-reduced cheese . Proteolysis in cheese during ripening results in an increase in peptides, which is directly related to bitterness (Fernandez-Espla and Fox, 1998 and Smit et al., 2000) .
Texture characteristics of control cheese was slightly higher than that of the (Trt B) cheese while was significant higher (P < 0.05) than that of the (Trt A) cheese. Little significant differences (P < 0.05) was found between control and (Trt B) cheese throughout storage periods for Appearance and color.
Total scores in (Trt B) cheese were significantly higher, compared to that of control cheese especially at 8 weeks storage. These data indicated that β-CD-treated (Trt B) cheese may maintain longer the early stage of overall quality of cholesterol-reduced Domiati cheese than other groups.
In conclusion, the present study showed that β-CD-treated (Trt B) cheese was an effective process for cholesterol removal in cheese making. In addition, the ripening during storage may be decelerated in cholesterolreduced Domiati cheese made from β-CD-treated, which may provide a longer shelf-life like a newly made cheese in chemical and sensory aspects. The present results indicated that most of the sensory properties of (Trt B) β-CD-treated cheese could be acceptable to consumers. In conclusion, the present study indicates the possibility of producing cholesterol-reduced Domiati cheese from goat milk by β-CD treatment, which shows similar physicochemical and sensory properties compared to the control cheese during 8 weeks of ripening.
CONCLUSION
The present study designed to develop a cholesterol reduced cheese by β-CD, and to compare the physicochemical, and sensory properties of regular cheese and β-CD-treated cheeses using β-CD. Approximately 90.09% cholesterol reduction was observed in the cheeses that were treated using β-CD. The amounts of free fatty acids and free amino acids were lower in the cholesterol-reduced cream cheese than in the control throughout storage.
Thus, this study confirmed that cholesterol removal greatly influences the flavor Domiati cheese. Therefore, the present study indicates the possibility to make soft white cheese (Domiati-type) from goat milk with cholesterol reduced and acceptable characteristics. Table 5 .Concentration of free amino acids (FAA) in cholesterol-reduced goat's milk cheese treated by β-CD compared to the control goat's milk cheese during storage period at 4±1°C.
Amino
Acids mg/100g
Ripening period (weeks) Control *1 Trt A *2 Trt B *3 Fresh 2 weeks 4 weeks 6 weeks 8 weeks Fresh 2 weeks 4 weeks 6 weeks 8 weeks Fresh 2 weeks 4 weeks 6 weeks 8 weeks
